IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


k 


'^.0 


// 


b  A 


A^ 


4 


/. 


II  I.I 

11.25 


25 
2.2 


A" 


UL  116 


V] 


<^ 


/J 


<$«3^  ^^ 


/ 


Photographic 

Sciences 
Corporation 


23  WEST  MAIN  STREET 

WEBSTER,  N.Y.  14580 

(716)  872-4503 


5C^^ 


fV 


<> 


iV 


m 


.% 


t"  .A  "-i 


'•^^^ 


CIHM/ICMH 

Microfiche 

Series. 


CIHM/ICMH 
Collection  de 
microfiches. 


Canadian  Institute  for  Historical  IVIicroreproductions  /  Institut  Canadian  de  microreproductions  historiques 


Technical  and  Bibliographic  Notes/Notes  techniques  et  bibiiographiquee 


The  Institute  has  attempted  to  obtain  the  best 
original  copy  available  for  filming.  Features  of  this 
copy  which  may  be  bibiiographically  unique, 
which  may  alter  any  of  the  images  in  the 
reproduction,  or  which  may  significantly  change 
the  usual  method  of  filming,  are  checked  below. 


0 


Coloured  covers/ 
Couverture  de  couleur 


I     I   Covers  damaged/ 


D 


D 
D 


D 


D 


Couverture  endommagie 


□   Covers  restored  and/or  laminated/ 
Couverture  restaur^  et/ou  peiliculAe 

[~n   Cover  title  missing/ 


Le  titre  de  couverture  manque 

Coloured  maps/ 

Cartes  giographiques  en  couleur 


□   Coloured  inic  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bieue  ou  noire) 

I      I   Coloured  plates  and/or  illustrations/ 


Planches  et/ou  illustrations  en  couleur 


Bound  with  other  material/ 
ReiiA  avec  d'autres  documents 


Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serrie  peut  causer  de  i'ombre  ou  de  ia 
distortion  le  long  de  la  marge  intirieure 

Blank  leaves  added  during  restoration  may 
appear  within  the  text.  Whenever  possible,  these 
have  been  omitted  from  filming/ 
11  se  peut  que  certaines  pages  blanches  ajoutAes 
lors  d'une  restauration  apparaissant  dans  ie  texte, 
mais.  iorsque  ceia  Atait  possible,  ces  pages  n'ont 
pas  At6  filmies. 

Additional  comments:/ 
Commentaires  supplAmentaires; 


L'Institut  a  microf limA  ie  meilleur  exemplaira 
qu'il  lui  a  AtA  possible  de  se  procurer.  Les  details 
de  cet  exemplaire  qui  sont  peut-Atre  uniques  du 
point  de  vue  bibliographique,  qui  peuvent  modifier 
une  image  reproduite,  ou  qui  peuvent  exiger  une 
modification  dans  ia  mtthode  normaie  de  f ilmage 
sont  indiqute  ci-dessous. 


r~~|   Coloured  pages/ 


Pages  de  couleur 

Pages  damaged/ 
Pages  endommagtes 

Pages  restored  and/oi 

Pages  restauries  et/ou  pelliculAes 

Pages  discoloured,  stained  or  foxei 
Pages  dteoiortes.  tachetAes  ou  piquAes 

Pages  detached/ 
Pages  dAtachtes 

Showthrough/ 
Transparence 

Quality  of  prir 

Qualiti  inAgale  de  I'impression 

Includes  supplementary  materii 
Comprend  du  mat6riei  su'uplAmentaire 

Only  edition  available/ 
Seule  Edition  disponible 


I — I  Pages  damaged/ 

I — I  Pages  restored  and/or  laminated/ 

r~~U  Pages  discoloured,  stained  or  foxed/ 

I     I  Pages  detached/ 

[~~|  Showthrough/ 

I     I  Quality  of  print  varies/ 

I     I  Includes  supplementary  material/ 

I — I  Only  edition  available/ 


n 


Pages  wholly  or  partially  obscured  by  errata 
slips,  tissues,  etc.,  have  been  refiimed  to 
ensure  the  best  possible  image/ 
Les  pages  totalement  ou  partieilement 
obscurcies  par  un  fauiiiet  d'errata,  une  pelure. 
etc..  cnt  At6  filmtes  it  nouveau  de  fapon  A 
obtenir  la  meilleure  image  possible. 


This  item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  film*  au  taux  de  reduction  indiquA  ci-dessous. 


10X 

14X 

18X 

22X 

26X 

30X 

y 

12X 

16X 

20X 

24X 

28X 

32X 

The  copy  filmed  here  has  been  reproduced  thanks 
to  the  generosity  of: 

Nationdl  Library  of  Canada 


L'exempiaire  film6  fut  reproduit  grdce  A  la 
g6n6rosit6  de: 

Bibliothdque  nationale  du  Canada 


The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  keeping  with  the 
filming  contract  specifications. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  back  cover  when  appropriate.  All 
other  original  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrated  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  — ^>  (meaning  "CON- 
TINUED"), or  the  symbol  V  (meaning  "END"), 
whichever  applies. 

Maps,  plates,  charts,  etc..  may  be  filmed  at 
different  reduction  ratios.  Those  too  la  ge  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  as 
required.  The  following  diagrams  illustrate  the 
method: 


Les  images  suivantes  ont  M6  reproduites  avec  le 
plus  grand  soin,  compte  tei-^ii  de  la  condition  et 
de  la  nettetd  de  l'exempiaire  fi!m6,  et  en 
conformity  avec  les  conditions  du  contrat  de 
filmage. 

Les  exemplaires  originaux  dont  la  couverf-'e  en 
papier  est  imprimde  sont  fiirnis  en  commen9ant 
par  le  premier  plat  et  en  terminant  soit  par  la 
dernidre  pagci  qui  comports  una  empreinte 
d'impression  ou  d'illustration,  soit  par  le  second 
plat,  salon  le  cas.  Tous  ies  autres  exemplaires 
originaux  sont  filmis  en  commenpant  par  la 
premidre  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration  et  en  terminant  par 
la  dernidre  page  qui  comporte  une  telle 
empreinte. 

Un  des  symboles  suivants  apparaftra  sur  la 
dernidre  image  de  cheque  microfiche,  seion  le 
cas:  le  symbols  — ^  signifie  "A  SUIVRE",  le 
symbols  V  signifie  "FIN  ". 

Les  cartes,  planches,  tableaux,  etc.,  peuvent  dtre 
film^s  d  des  taux  de  reduction  diffdrents. 
Lorsque  le  document  est  trop  grand  pour  dtre 
reproduit  en  un  seul  clich6,  il  est  filmd  d  partir 
de  I'angle  sup6rieur  gauche,  de  gauche  d  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  n^cessaire.  Les  diagrammes  suivants 
illustrent  la  m^thode. 


1 

2 

3 

32X 


1 

2 

3 

4 

5 

6 

N  V  rji  kN  ^  I      t  IILTAMY  0^  /»£^^^ 


iifi;'  ■'»  ii  .>  1.    ■>  •• ;  ■.<)\  VI  I. 


t 


On  the  Calculation  of  the  Conductivity  of  Aqueous 
Solutions  containing  Potassium  and  Sodium 
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I. — On  the  Calculation  of  the  Conductivity  of  Aqueous 
Solutions  containing  Potassium  and  Sodium  Sul- 
phates.—  Rv  E.  H.  AucHiHALD,  B.  Sc,  DaUioasie 
College,  Halifax,  N.  S. 

(Read  Xorcmlnr  ir.tfi,  i-cj:j 

According  to  the  dissociation  theory  of  eleeti-olysis,  hold  by 
Arrhenius  and  others,  the  conductivity  of  a  mixture  of  two 
solutions  of  electrolytes,  1  and  2,  which  have  one  ion  in  common, 
and  which  contain  n^  and  a  grannne-equivalents  per  unit  of 
volume,  is  j^iven  by  the  expression  : 

where  v^  and  v^  are  the  volumes  of  the  two  solutions  mixed,  y> 
the  ratio  of  the  volume  of  the  n\ixture  to  the  sum  of  the  volumes 
of  the  constituent  solutions, /v  1  and  /'aja  t'ho  molecular  conducti- 
vities, at  infinite  dilution,  of  the  respective  electrolytes  undei"  the 
conditions  in  which  they  exist  in  the  mixture,  and  ^:.^,  n.,,  the 
ionization  coefficients  of  the  respective  electrolyte'^  in  the 
mixture. 

The  value  of  p  in  the  above  formula  may  be  detormincd  by 
density  measurements,  before  and  after  mixing ; //^ ,  and  "-^j 
which  for  sufficiently  dilute  mixtures,  may  be  considered  to  have 
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tlic  siirne  valuos  in  tlio  niixturf  us  in  the  simple  sr)Iution.s,  may 
1(0  (l(!tonnim'(l  liy  conductivity  inc'isuronicnts,  to  throat  dilution, 
of  or.cli  electrolyte:  and  v^  and  7?,_,  may  lie  determined  l)y 
analysis.  Provided,  therefore,  vv<!  can  tind  the  value  of  u^  and  (t,j 
the  conductivity  can  be  calculated. 

In  a  paper  connnunicated  to  this  society  in  IHOG,  Professor 
Mac(jlrefifor*  explained  a  method  for  the  determination  of  the  «'s 
in  the  ahovo  formula.  He  aj»i)lied  this  method  to  some  mixtures 
of  .solutions  of  Sodium  and  Potassium  Chloride,  examined  l>y 
Bender,  and  found  it  possible  to  calculate  their  conductivity 
vvh(  a  they  contained  less  than  two  gramme-molecules  i)er 
litre,  within  the  lindts  of  experimental  error.  For  more  concen- 
trated mixtures  lie  found  the  observed  values  to  be  ^'reatcr  than 
the  calculated,  and  the  difference  to  increa.se  with  the  concentra- 
tion, till  at  a  concentration  of  four  f,n-amme-molocules  ])er  litre 
the  difference  was  between  3  and  4  percent.  The  conductivi- 
ties of  mixtures  of  Sodium  and  Hydroffen  Chloride  solutions  were 
measured  and  calculate*!  by  D.  Mclntosh.f  who  found  that  the 
conductivity  of  these  mixtures  could  be  calculated,  within  the 
limits  of  experimental  error,  up  to  a  mean  concentration  of 
about  one  grannne-molecule  per  litre,  and  that  for  a  mean  con- 
centration ^'reater  than  this,  the  calculated  value  was  f^Tcater 
than  the  observed. 

The  measurements,  described  below,  were  undertaken  with  the 
view  of  ascertaininif  if  the  conductivity  was  calculable,  in  the 
case  of  mixtures  of  solutions  of  Pota.ssium  and  Sodium  Sulphates, 
salts  of  more  complex  molecular  structure  than  those  previously 
examined.  They  were  conducted  in  the  Physical  and  Chemical 
Laboratories  of  Dalhousie  College. 

The  work  included  purification  of  the  salts,  and  of  water; 
preparation  and  analysis  of  a  series  of  simple  solutions,  and 
determination  of  their  conductivity  ;  plotting-  curves,  j^iving  the 
relation  of  concentration  of  ions  to  dilution  for  these  simple 
solutions ;  preparation  of  the  mixtures,  and  measuring  and 
calculating  their  conductivity. 


*  Transiu-tions  N.  .^.  Inst.  .-.iUmuc,  ix  (IS'.MI),  |).  101. 
t  Transiutioiis  X.  .S.  Inst.  Scieiuo.  ix  (IS'.IC),  p.  120. 
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Pu  I'lficatiitii  of  l/ic   Suits. 

The  salts  woi'c  olitaincd  us  cliemically  pure  from  Kiinor  uikI 
Aniciul  (»F  X(>w  York.  Tliry  wcrv  can'i'iilly  rc-crystalli/cd  tlircc 
times.  After  lifin^  tliiis  treated,  no  impurities  to  any  exti-nt 
COul<l  be  detected. 

Purification  of  the    Wctir. 

The  water  used  was  puritied  l»y  the  method  described  by 
Hidett,*  except  that  a  block  tin  comU-nser  was  used  insteatl  of 
a  phitinum  one.  Water,  puritied  by  this  methocb  ha(i  a  comhu'- 
tivity  at  l.S°C',  varyinf(  from  ().S5xl(r'"  to  ().!).Sxl(r'\ 
expressed  in  terms  of  the  conductivity  (tf  mercury  at  ()°('.  It 
was  kept  in  bottles  which  had  been  used  for  this  pur|)ose  for 
several  years.    It  was  neutr.d  and  left  no  residu(>  on  evaporation. 

Preparation  avd  Analysis  of  Simple  Solafioiis. 

The  method  adopted  was  to  make  up  as  concentrated  a  solu- 
tion as  it  was  desired  to  measure.  This  s(»lution  was  carefully 
analysed,  and  from  it  successive  multi])le  dilutions  were  pre- 
pared by  addinnr  water,  all  solutions  beinfj  prepared  at  a  tempe- 
rature of  18°C. 

A  volume  of  Hfty  cubic  centimetres  of  these  solutions  would 
be  introduced  into  the  electn.lytic  cell,  and  successive  dilutions 
prepared  from  this  in  the  cell  itself,  by  withdrawal  of  a  certain 
volume,  and  addition  of  an  ecpial  volume  of  water.  As  a  check 
upon  errors  of  dilution,  after  a  jiortion  had  ^one  throu^di  a 
numl)er  of  dilutions,  it  was  taken  from  the  cell  and  carefully 
analysed,  and,  if  found  necessary,  the  previous  determinations 
of  the   concentration   were  corrected  from  these  results. 

The  concentration  of  the  solutions  was  determined  by  gravi- 
metric analysis,  the  quantity  of  salt  in  solution  bein>.,'  esti- 
mated from  the  amount  of  IJarium  Sulphate  precipitated  by 
Barium  Chloride,  when    added    in   s\\<r\\t   excess    to    a   known 


•  Journ.  Pbys.  Chein.,  Vol.  I.  p.  'Jl. 
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v(.luint'  of  the  solution  to  In;  JinKlyscd.  Tlw  t'ollowiiif?  rosults 
will  show  witli  wluit  aceunicy  sucli  analyses  could  be  carried 
out  :— 

(1.)     KySO^   ill   ncc.  of  solution  =  0.2174   ^Mwn. 
(2.)  "  "  "  =  0.'il78 

(:{.)  "  ••  "         =  0.2170 


Moan  =  0.2177       " 
(1)     Xa^SO^   in  r)c.c.  of  solution  -  0.2:i()5 
(2.)  "  "  '♦  =  0.2:}GO 

(3 )  •«  ••  «         —  0.2870 

Moan  =  O.230S       " 

It  would  seem  that  the  result  might  be  in  error  by  about 
0.14  per  cent. 

In  the  case  of  the  Potassium  Sulphate,  standard  solutions 
were  made  up  from  weifjhed  ( plan ti ties  of  the  salt,  which  had 
been  dried  to  constant  weight  in  an  air  bath. 

Preparation  of  the  Mixtures. 

For  convenience  in  calculating?,  the  mixtures  were  made  up 
of  0(pial  volumes  of  the  constituent  soluticms.  All  mixtures 
were  prepared  at  a  temperature  of  IB^C,  the  constituent  solu- 
tions beinc?  kept,  for  about  20  minutes  previously  to  mixing,  in  a 
water  bath,  the  temperature  of  which  was  kept  as  near  IS^C  as 
possible,  by  means  of  a  thermostat.  A  50  c.c.  pipette  was  used  to 
measure  out  the  volumes  ;  the  same  pipette  being  used  for  both 
solutions,  and  care  being  taken  to  use  the  pipette  in  the  same 
manner  in  both  cases.  During  outflow,  the  point  of  the  pipette 
was  allowed  to  rest  against  the  side  of  the  vessel,  and  when 
outflow  had  ceased  it  was  slightly  blown  into  without  removing 
the  point. 

All  pipettes  used  were  calibrated  by  weighing  the  water  they 
delivered.  None  were  used  in  the  experiments,  in  which  the 
time  of  outflow  was  less  than  40  seconds. 
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Ih'leriiiitiiiliou  of  fhe  ('ontlm'.tiv'itii. 

The  Kolilniuscli  nu'tlxMl  with  the  tcU'phoiu*  and  iiltcnmting 
curn'iit  WHS  usud.  The  iiicasiiiin^  H|)|))initus  cousisttMl  of  four 
resistiiMCd  vo'xU,  mid  a  ^t'rtiiaii-silvi'r  hridi((>  win',  aliout  three 
metres  loiif;,  wound  on  a  niarhh?  drum.  The  Aire  was  divided 
into  1000  parts,  and  had  a  resistance  of  ahout  1.14  ohms.  It 
was  calil)rated  l»y  the  method  of  Strouhal  and  Harus,*  the 
corrections  thus  ohtained  heinj,'  plotteil  ai,'ainst  len<;th  on  co-ordi- 
nate paper,  and  the  correction  for  an}'  point  (m  the  wire  taken 
off  this  curve. 

The  resistance  coils  were  marked  1,  10,  100,  and  1000  ohms. 
As  I  used  only  one  coil  (tiuit  of  1000  oinns),  and  as  it  was  not 
necessary  to  express  die  conductivities  in  absolute  measure,  I 
did  not  need  to  know  the  relative  accuracy  of  the  coils,  or  the 
ahsolute  value  of  the  one  us(;d. 

Two  electrolytic  cells  were  used,  one  for  solutions  more  con- 
centrated than  0.1  ecpiivalent  f(ra?inne-niolecuIes  per  litre,  the 
othei"  for  solutions  more  dilute.  They  were  of  the  U-form, 
shown  by  Ostwald  in  his  Physico-Chemical  Measurements,  \y>i^G 
226,  Hg.  178. 

The  electrodes  were  of  stout  platinum  foil,  not  easily  bent, 
circular  in  form,  and  about  8.5  cm.  in  <]iameter.  Care  was 
taken  to  have  the  electrodes  always  in  as  nearly  the  same  posi- 
tion in  the  electrolytic  cell  as  possible.  No  change  of  resistance 
could  be  observed  for  small  diti'erences  in  position,  such  as  could 
be  detected  by  the  eye,  and  avoided. 

The  induction  coil  was  small,  and  had  a  very  rapid  vibrator. 
It  was  kept  in  a  box  stutted  with  cotton  wool,  that  the  noise 
might  not  interfere  with  the  determination  of  the  sound  mini- 
mum in  the  telephone.  A  Leclanch6  cell  was  found  most 
convenient  for  w^orking  the  coil.  With  this  arrangement  the 
minimum  point  on  the  bridge-wire  could  be  determined  to  within 
0.3  of  a  division.  This  would  allow  an  error  of  0.12  per  cent 
in  the  determination  of  the  resistance  a^.  the  centre  of  the  bridge, 


•  Wied.  Ann.,  x  (1880),  p.  320. 
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and  0.15  per  cont  at  the  |)()int  fiutliest  fnun  the  contro,  usod   in 
my  oxpcrinientrt. 

I'ldtlnizing  t/if  J'JlecJruiles. 

Tlio  oIoctrodc'R,  after  l>ein^  wuslicd  in  Ixjilinf;  alkali  and  acid, 
weiL'  placed  in  a  solution  prt'pai'CMJ  from  a  i-ccipc  ^ivcn  l»y 
liUmmcr  and  Kuilliaum,  and  rcfcrri'd  to  I'y  Koldrausch.*  This 
solution  consists  of  I  ])art  platinum  chloride,  OOOS  of  acetate 
of  lea<l,  and  MO  of  watei-.  They  were  then  connecte<l  witii  the 
terminals  of  two  liunsen  cells  arran^'ed  in  series,  the  dii'ection 
of  the  current  liein^  frequently  chanf^ed.  When  the  electro(h,'S 
liad  hecomc  covered  with  a  velvety  coating'  of  platinum  Mack, 
they  were  removed  from  the  solution  and  tlH)rou<,ddy  washed 
witli  l)oilin<^  water  U)  remove  all  traces  of  the  chloroplatinic 
acid.  The  j)latinizinf;  can  he  done  much  more  ipiickly  with  the 
above  solution  than  with  the  chloroi)Iatinic  acid  alone. 

Reduction  Factor. 

To  find  the  factor,  which  would  rt^luce  the  ohserved  conduc- 
tivities to  the  standard  employed  by  Kohlrausch,  (the  conduc- 
tivity of  mercury  at  O.('),  the  values  of  tlie  con<Juctivity  for  a 
series  of  .solutions  of  each  salt,  which  were  measured  for  the 
purposes  of  calculation,  were  plotted  af^ainst  the  concentration 
(pramme-eciuivalents  ]ier  litre),  and  conductivities  corresponding 
to  the  concentrations  examined  by  Kohliau.sch,  taken  oft' these 
curves  and  compared  with  the  values  ffiven  by  him.  The  ratio 
of  tlie.sc  values  was  found  to  be  practically  constant  for  each 
salt  through  as  wide  a  range  of  dilution  as  it  was  necessary  for 

nic  to  measure. 

Temperature. 

All  conductivity  measurements  were  made  at  1S"C.  To 
insure  this  condition,  the  cell  containing  the  solution  to  .be 
measured  was  placed  in  a  water-bath,  the  temperature  of  which 
was  regulated  by  a  thermo.stat,  of  the  form  recommended  by 
Ostwald  in  his  Physico-Chemical  Measurements,  p.  59,  fig.  42. 
The  regulating  liquid,  which  was  water,  was  enclosed  in  a  brass 

•  Wicd,  Ann.,  LX  (1897),  p.  315. 
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tulic,  iilHUit  :^')  cm.  lon<,'  »in<l  4  cm  '\n  diium'tcr.  li<«t»t  so  us  to 
form  tlirtH- si.lus  of  ii  squnro.  Two  vuncs  Hxcd  ,\t  an  uii^^'lc  of 
4r)*  iK'iir  tlio  iK.ttom  (;f  the  bath,  to  a  vortical  axis,  which  was 
tnrntd  l.y  a  small  hydraulic  mott.r,  kept  the  water  of  the  hath 
wt'll  stirred.  The  thermometer  used  was  j,M'aduate(l  to  fiftieths 
of  a  dcLMVO,  and  could  easily  he  read  to  hundivdths.  Its  i-eadiii<,rs 
were  compared  with  tliose  of  another,  wlu)se  errors  had  recently 
heen  deten\diied  to  hundre(lths  of  a  def,M'ee  at  the  IMiysikaliscli- 
Technische  Keichsanstalt,  Uerlin.  With  this  apparatus  the 
temperature  of  the  hath  could  he  kept  constant  to  within  a 
fiftieth  of  a  decree,  for  half  an  hour  at  a  time.  A  variation  of 
onc-tiftieth  of  a  de<;reo  mi<,dit  cause  an  error  of  0.05  per  cent  in 
tlie  determination  of  the  resistance. 

That  one  mi<:,dit  lie  sure  that  the  tenijierature  of  the  soluti<jn 
to  be  measured  had  come  to  be  that  of  the  bath,  two  or  more 
determinations  of  the  resi.<^tance  were  always  made  at  intervals 
of  about  Hve  minutes,  and  that  reading'  taken  whicli  was  found 
to  be  the  same  for  successive  intervals. 

iJdta  for  the  Calcalatluns. 

For  the  simple  solutions  the  ionization  coetHcient  («)  was 
taken  to  be  eciual  to  the  ratio  of  the  specitic  molecular  conduc- 
tivity to  the  specific  molecular  conductivity  at  infinite  dilution. 
Kohlrausch's  values  for  the  specific  molecular  conductivity  at 
iuHnite  dilution  were  used.  They  were  taken  to  be  1280  x  10"' 
and  10(50  X  Ur' for  Potassium  and  Sodium  Sulphate  respectively, 
as  determined  by  him.* 

Tiie  value  of  ^)  in  the  above  formula  was  found  by  density 
measurements  before  and  after  mixing.  Tliese  measurements 
were  carried  out  with  Ostwald's  form  of  Sprengel's  pyknometer. 
Measurements,  accurate  to  one  in  the  fourth  place  of  decimals, 
wliich  was  beyond  tlie  degree  of  accuracy  recjuired,  could  be 
made  without  much  difficulty.  The  value  of  p  was  found  to  be 
practically  eijual  to  unity  for  the  most  concentrated  solutions 
examined. 


*  Wied.  Ann..  Vol.  xxvi.,  p.  201. 
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Residti^  of  Observations  (m  Simple  SohUiovs. 

For  the  purposes  of  calculation  it  was  necessary  to  draw 
curves  for  each  salt,  showing  tiie  relation  of  dilution  to  ionic 
concentration.  It  was  therefore  necessary  to  know  the  concen- 
trations and  conductivities  of  a  sufficiently  extended  series  of 
dilutions  of  each  salt.  The  following'  table  (jjives  the  dilution, 
conductivity,  and  concentration  of  ions  of  each  solution 
examined. 


Potassium  Silimiate. 

Sonil'M    SlLPHATE. 

Dilution. 
20.00 

(\)I1(1(IC- 

tivity. 

Concentration 
of  ions. 

Dilution. 

Conduc- 
tivity. 

Concentration 
of  ions. 

.0370 

0,59 

.0375 

20.00 

784 

15.02 

9:i4 

.0467 

15.(52 

771 

.0466 

12.50 

918 

.0574 

12.50 

75IS 

.0568 

10.00 

898 

.0702 

10.00 

734 

.065)2 

S.005 

S1)3 

.0811 

7.047 

663 

.0888 

7.173 

879 

.0957 

5.882 

651 

.1044 

5.973 

S,jG 

.1119 

i     5.313 

: 

(US 

.1150 

4.077 

839 

.1316 

3.692 

623 

.1592 

3.456 

791 

.1787 

2.918 

598 

.19;i1 

2.880 

771 

.209          i 

2.431 

583 

.226 

2.400 

753 

.245          1 

2.022 

562 

.262 

2.073 

741 

.279 

1.689 

541 

.302 

2.000 

737 

.288 

1.408 

521 

.349 

1.440 

707 

.384 

1.176 

496 

.mi 

1.200 

689 

.449 

1.016 

478 

.443 

1.000 

672 

.525 

.847 

456 

.507 

t 


The  dilutions  are  expressed  in  terms  of  litres  per  equivalent 
gramme-molecule  at  18°C.     The  conductivities  are  specific  mole- 
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cular  conductivities  at  IS^C,  expressed  in  terms  of  10~*  times 
tlie  specific  conductivity  of  mercury  at  0°G.  The  concentrations 
of  ions  are  the  ratios  of  the  specific  molecuhir  conductivity  to 
specific  molecular  conductivity  at  infinite  dilution,  ilivided  by 
the  dilution. 

Results  of  Observations  on  Mixtures. 

The  following  taUle  contains  both  the  data  for,  and  the 
results  of,  the  calculation  of  the  conductivity  of  each  mixture 
examined. 


Concentration  of  t  he 

Constituent  Solu- 

tionR. 

Concen- 
tration  of 
i«»iis  in  the 

Mixture. 

Dilntion  in  the 
Mixture. 

Conductivity  of  Mixture. 

*KjSO^. 
1.000 

iNa^SO^. 

.7940 

iNajjSO^, 

.60:^) 

Caleu-    1 
latcd.    1 

i 

1 
Observed. 

7:15.0 

I>iflrercnce 
percent. 

+  1.47 

2.000 

.a'f7 

746.0 

.826:^ 

II 

.005 

.8463 

.(5510 

707.2    1 

m)j 

+  1.06 

.0915 

1.998 

.o;i5 

.79.-)9 

.6050 

743.4    ! 

7:«.4 

+  0.67 

n 

1.667 

.588 

.8742 

.07!»0 

(587.7 

j 

(W2.}> 

+  0.(58 

II 

1.427 

.5:4 

.9411 

.7440 

648.0 

(54.5.4 

-iO.40 

II 

.9982 

.482 

l.OSK') 

.5)060 

'm.l 

5(55.9 

-0.21 

.4957 

.9975 

.37(50 

1.473 

1.272 

4:i8.5 

4:^8 

+().;« 

II 

.0658 

.3105 

l.8:i7 

i.a^ 

36116 

mL\ 

-0.21 

II 

.4996 

.2740 

2.112 

1.908 

320.9 

322.1 

-0.37 

.4166 

.5050 

.2572 

2.281 

2.077 

3(J0.6 

\m.2 

-0.19 

.3333 

II 

.2:^) 

2.5(«) 

2.:»4 

270.0 

275.5 

+  0.18 

.2500 

II 

.21  n 

2.795 

2.576 

250.3 

249.5 

+().:ii 

II 

.2525 

.LUl 

4.121 

3.840 

180.5 

180.9 

-  0.22 

It 

.1683 

,i;«2 

4.93:^ 

4.5.>4 

155.7 

155.2 

+o.:« 

n 

.12(52 

.1210 

.5.4(53 

5.024 

141.5 

141.3 

+  0.14 

.1000 

.1010 

.0700 

10.02 

9.870 

81.89 

81.JK) 

-0.01 

II 

.0800 

.0631 

11.18 

11.03 

73.81 

73.71 

+  0.13 

II 

.06734 

.0598 

12.01 

11.86 

(59.96 

70.05      -0.12 

II 

.05050 

.0542 

13.3;^ 

13.20 

63.40 

6:149       -0.14 

.04000 

II 

.o;m85 

22.28 

21.95 

40.7(5 

40.8:5 

().17 

.02500 

'i 

.02860 

26.96 

26.25 

:«.45 

;3:5.:36 

+  0.26 

.01500 

II 

.02570 

30.6:^ 

30.50 

30.05 

;so.i2 

-0.2:? 
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The  concentrations  of  solutions  arc  expressed  in  terms  of 
equivalent  <jfrainine-inolecules  per  litre  at  IST.  The  conduc- 
tivities are  specific  conductivities  at  18^C  expressed  in  terms 
of  10~'  times  the  specific  conductivity  of  mercury  at  0°C 
Tiie  concentration  of  ions  (column  3)  common  to  the  two  elec- 
trolytes in  the  mixture  and  the  dilutions  of  the  electrolytes  in 
the  mixture  (colunuis  4  and  5)  are  obtained  by  Prof.  MacGregoi"'s 
graphical  process.*  The  former  is  the  number  of  dissociated 
gramme-ecjuivalents  of  either  electroU'te  present  in  the  mix- 
ture, divided  by  the  volume  in  litres  of  the  portion  of  the  solu- 
tion occupied  V)y  it.  In  any  one  mixture  it  has  the  same  value 
for  both  electrolj'tes.  The  latter  are  the  volumes. in  litres  of 
the  portions  of  the  solution  occupied  bj'^  the  respective  electro- 
lytes divided  by  the  nundiers  of  gramme-ecjuivalents  present. 
In  each  mixture  they  have  different  values  for  the  two  electro- 
lytes. The  product  of  the  former  into  the  value  of  the  latter 
in  the  case  of  either  electrolyte  gives  the  ionization  coefficient 
for  that  electrolyte  in  the  mixture. 

It  will  be  seen  from  the  above  table  that  the  differences 
range  from  1.47  per  cent  to  0.12  percent,  that  the  greater  differ- 
ences are  for  the  stronger  solutions,  and  that  in  the  case  of  these 
solutions  all  the  differences  but  one  have  the  same  sign. 

For  more  dilute  mixtures  than  0,7  etjuivalent  gramme- 
molecules  per  litre,  the  differences  are  within  or  but  little 
beyond  the  limit  of  the  error  of  an  observation,  which  would 
be  about  0.25  per  cent.  The  sign  also  changes  fre<|uently.  The 
differences  in  these  cases  are  therefore  probably  due  to  acci- 
dental errors. 

In  the  case  of  the  stronger  solutions,  it  was  to  be  expected 
that  the  differences  would  be  beyond  the  limit  of  error,  as  the 
ionization  coefficients  («)  were  taken  to  be  the  ratios  of  the 
specific  molecular  conductivity  to  the  specific  molecular  conduc- 
tivity at  infinite  dilution,  and  this  is  rigorously  true  only  for 
infinitely  dilute  solutions.  Also  the  value  of  the  specific  mole- 
cular conductivity  at    infinite   dilution  for  an  elecrolyte    in    a 

*  Loc.  cit.,  p.  108. 
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mixture  can  be  taken  to  be  exactly  tlie  same  as  tlie  value  found 
by  observations  on  the  simple  solutions  only  in  the  case  of 
infinitely  dilute  mixtures. 

The  fact  that  for  mixtures  of  nearly  saturated  solutions  of 
these  salts,  the  difierence  between  the  calcu  ated  and  observed 
values  is  only  1.47  per  cent,  while  for  solutions  of  KCl  and  NaCl 
as  near  saturation,  the  difference  is  about  5  per  cent,  as  deter- 
mined by  MacCiregor*  and  again  by  Mcintosh*,  would  seem  to 
indicate  that  in  the  case  of  this  class  of  salts,  the  magnitude  of 
the  differences  depends  on  the  amount  of  .salt  in  the  solution, 
not  on  the  nearness  to  saturation. 

It  would  appear  from  the  above  results  that  for  mixtures  of 
solutions  of  these  salts  not  more  concentrated  than  0.8  equiva- 
lent gramme-molecules  per  litre,  it  is  possible,  by  the  aid  of  the 
dis.sociation  theory,  to  calculate  the  conductivity  within,  or  but 
little  beyond,  the  limit  of  the  error  of  observation. 


'Loc.  fit. 


